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(54) Method for producing a polyurethane pipe inside a concrete pipe, and composite product 
thus obtained 


(57) A method for producing a polyurethane pipe 
which is firmly secured inside a concrete pipe, by apply- 
ing, to the inner surface of the said concrete pipe, at 
least a first layer of leakproofing polyurethane which is 
capable of permeating the pores of the concrete, this 
process comprising the phases of (a) rotating the said 
concrete pipe about its longitudinal axis at ambient tem- 
perature; (b) introducing ^ into the said rotating pipe, a 
mixture of precursors of a polyurethane, in an amount 
which is sufficient to form a solid layer of polyurethane 
at least 2 mm in thickness, the said mixture having a 
temperature of less than 65°C; (c) continuing the said 
rotation, at ambient temperature, at a speed and for a 
time which are sufficient to solidify the said mixture. A 
composite product comprising a concrete outer pipe 
and an inner pipe made of polymer material formed 
from at least a first layer of polyurethane in contact with 
the inner surface of the said concrete pipe. 
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Description 

[0001] The present invention relates to a method for 
producing a polyurethane pipe inside a concrete pipe, 
and to a composite product thus obtained. 5 
[0002] For practical purposes, the said composite 
product can also be considered as a polyurethane pipe 
reinforced with a concrete outer coating. 
[0003] It is known that concrete pipes are widely used 
in the construction of civil and industrial sewers and that w 
certain production techniques give a product whose 
internal surface is coarse and porous and that this is the 
main cause of corrosion and rapid degradation of the 
pipes, especially in the presence of corrosive agents. 
[0004] GB 1 ,498,4 1 2 describes a concrete pipe which is 
is lined with a protective coating comprising two layers 
of reinforced leakproof coating joined together by an 
intermediate layer of glass fibre fabric, in which the out- 
ermost layer of the said coating is applied to the inner 
face of the said concrete pipe. The leakproof layers con- 20 
sist of an epoxy resin containing a small proportion of 
tar. 

[0005] Besides involving an expensive assembly 
method, this pipe has the drawback of not improving the 
mechanical strength of the concrete pipe against exter- 25 
nal forces, as a result of which the said lining is not 
firmly secured to the concrete pipe. 
[0006] EP-0,386,428, in the name of Assotubi Ecolog- 
ica s.r.L, describes a pipe having structural properties 
similar to those of the pipe described in the abovemen- 30 
tioned GB patent 1,498,412, but whose main aim is to 
improve the pipe production method by using an inner 
pipe die having a movable section and movable flanging 
on which a coating of glass wool is placed beforehand. 
After inserting the said die in the concrete pipe, a resin 35 
is injected into the space between the die and the con- 
crete pipe, and, once this resin has dried, the movable 
parts of the die are dismantled, the flanging is detached 
and the die is removed. Bisphenolic and isophthalic res- 
ins are mentioned as preferred resins. 40 
[0007] However, the company Assotubi acknowledges 
that the said process is laborious and expensive. Thus, 
in Italian patent application Ml 95/A 002547 of 
05.12.1995, Assotubi proposed to improve the above- 
mentioned process by using a frustoconical die. How- 45 
ever, this method too is laborious and expensive. 
[0008] However, the abovementioned processes do 
not allow the polymer material to penetrate sufficiently 
into the pores of the concrete to create the necessary 
solid attachment between the layer of polymer material so 
and the layer of concrete, being limited to mere surface 
adhesion. 

[0009] US 5,059,671 describes a process for obtain- 
ing a solvent-free elastomeric urethane, which involves 
the high-pressure spraying, for example onto a pipe, of ss 
a mixture of two components in which (a) one is a partial 
prepolymer having a high NCO/OH molar ratio, pre- 
pared from an organic polyisocyanate and from a poly- 


tetramethylene glycol ether (PTMGE) with a molecular 
weight of between 400 and 2000, and (b) the other is a 
resin containing PTMGE, a specific chain extender and 
an organobismuth catalyst 

[0010] Besides involving relatively long application 
times, this process too has the drawback of not allowing 
the polymer material to penetrate deeply into the pores 
of the concrete and thus create a solid attachment 
between the layer of polymer material and the layer of 
concrete. 

[0011] FR 1,321,863 relates to a conduit for liquids, 
such as a pipe, whose inner surface is coated with a 
protective layer, and to a process for manufacturing this 
conduit. More particularly, this document describes a 
process in which the components of an epoxy, polyester 
or urethane thermosetting resin are applied in the form 
of hot liquid to the inner surface of a tube made, for 
example, of asbestos cement, the said inner surface 
being heated to a temperature of 51-177°C, the said 
pipe being rotated in order to ensure correct dispersion 
of the resinous coating material, and this material then 
being converted into a solid substance by thermal and 
catalytic treatment. 

[0012] The only polyurethane example illustrated 
(Example 5) includes the use of highly toxic compo- 
nents, which are.applied at 140° C, in the form of an 0.5 
mm thick liquid layer, while the inner surface of the 
asbestos cement pipe is itself also heated to 140°C. 
The final thickness of the polyurethane layer applied is 
not indicated, but will certainly be less than 0.5 mm. In 
practice, a layer of polyurethane varnish is applied to 
the inner surface of the asbestos cement pipe. In addi- 
tion, this method involves considerable expenditure of 
heat energy. 

[001 3] US-A-5,051 .223 relates to the production of a 
cement pipe on the inner surface of which is applied a 
liquid impregnation medium under pressure. That docu- 
ment points out that the liquid impregnation medium 
consists of a resin solution, but does not at any time 
specify which type of resin is used. The document fur- 
thermore does not point out whether the layer of resin 
applied is of uniform thickness, or how this may be 
obtained. 

[0014] US-A-4,559,239 relates to a method for pro- 
tecting or repairing cementious substrates. The method 
comprises the application of polyurethane precursors 
onto relatively new cement conduits, before these con- 
duits have undergone any substantial degradation (col- 
umn 2, lines 41-44). That document does not point out 
whether the layer of resin applied is of uniform thick- 
ness, or how this may be obtained. 
[001 5] Patent Abstract of Japan vol. 01 6, No. 446 (M- 
131 1), 1992 relates to a method for applying a layer of 
synthetic resin, comprising a filler, by spraying onto the 
inner surface of a cement pipe which is rotated at low 
speed. After this application, the cement pipe is heated 
with hot air and the rotation is stopped when the resin 
and the filler are sufficiently cured. This method there- 
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fore also involves appreciable expenditure of heat 
energy. 

[0016] Lastly, the methods described in FR 1,321,863, 
US-A-5,051,223, US-A-4,559,239 and Patent Abstract 
of Japan vol. 016, No. 446 (M-131 1), 1992 do not men- 5 
tion any enhancements in the mechanical strength of 
the pipes treated, with respect to external loads. 
[0017] The present invention proposes to overcome 
the abovementioned drawbacks by producing a poly- 
urethane pipe which is firmly secured to the inside of a to 
concrete pipe, by applying, to the inner surface of a con- 
crete pipe, at least one layer of polyurethane using a 
method which is capable of permeating the concrete 
and thereby enhancing not only the resistance to corro- 
sion and the f lowability of liquids passing through it, but 75 
also the mechanical strength of the concrete pipe when 
subjected to loads, in particular to external loads bear- 
ing on pipes which are permanently buried, due to the 
ground itself, and loads of mobile type due, for example, 
to road traffic. At the same time, the method of the 20 
invention is also a process for reinforcing a poly- 
urethane pipe with a concrete outer coating. 
[001 8] Thus, it is a first object of the present invention 
to provide a method for producing a polyurethane pipe 
which is firmly secured inside a concrete pipe, by apply- 25 
ing. to the inner, surface of the said concrete pipe, at 
least a first layer of leakproof ing polyurethane which is 
capable of permeating the pores of the concrete, this 
process comprising the phases of 

30 

a) rotating the said concrete pipe about its longitu- 
dinal axis at ambient temperature; 

b) introducing, into the said rotating pipe, a mixture 
of precursors of a polyurethane, in an amount 
which is sufficient to form a solid layer of poly- 35 
urethane at least 2 mm in thickness, the said mix- 
ture having a temperature of less than 65°C; 

c) continuing the said rotation, at ambient tempera- 
ture, at a speed and for a time which are sufficient 

to solidify the said mixture. 40 

[0019] . Hereinbelow in the present description and in 
the attached claims, the expression "ambient tempera- 
ture" is used to indicate the temperature of the environ- 
ment in which the said method is carried out. This 45 
temperature can range between 10 and 40°C, prefera- 
bly between 10 and 30°C. 

[0020] Preferably, the tube is rotated at a peripheral 
speed of between 1 and 20 m/sec. Typically, the said 
speed is between 2.5 and 1 0 m/sec, even more typically 50 
between 4 and 8 m/sec. 

[0021] In step b), the amount of precursor mixture 
applied is preferably sufficient to form a solid poly- 
urethane layer at least 3 mm in thickness, even more 
preferably at least 5 mm in thickness. 55 
[0022] Preferably, the mixture of precursors of the said 
polyurethane is applied at ambient temperature. 
[0023] Step c) is preferably carried out for a period of 


between 1 minute and 48 hours and at a peripheral 
speed within the range indicated above for step a). 
[0024] Typically, the time is between 1 minute and 6 
hours, even more preferably between 1 minute and 1 
hour. 

[0025] When it is desired to form further optional lay- 
ers, step c) is generally carried out for a period of 
between 1 minute and 1 hour and at a peripheral speed 
of the concrete pipe of between 1 and 20 m/sec, 
depending on the desired thickness. 
[0026] Typically, the time.is between 1 and 30 minutes, 
even more preferably between 1 and 15 minutes. 
[0027] The peripheral speed is, in turn, typically 
between 2.5 and 10 m/sec, even more preferably 
between 4 and 8 m/sec. 

[0028] The step in which the first polyurethane layer 
intended to permeate the concrete is formed is particu- 
larly important when carrying out the present invention. 
[0029] The mixture of precursors used to form the first 
layer will preferably be preselected on the basis of the 
following criteria: 

a) it must be sufficiently fluid; and 

b) it must not solidify before they have sufficiently 
permeated the pores of the concrete, but, once they 
have permeated the said pores, it must solidify fairly 
quickly so as to limit the production times and thus 
the production costs. 

[0030] When the first layer does not need to penetrate 
deeply into the pores of the concrete, or when further 
optional layers are applied, the said mixtures will prefer- 
ably be preselected such that they solidify fairly quickly 
once they have been applied. 

[0031] In a preferred embodiment, the said first layer 
is formed from a mixture comprising at least one polyhy- 
droxyl compound, a diisocyanate and a suitable cata- 
lyst, optionally in the presence of an adjuvant and a 
chain-extension compound, which forms a poly- 
urethane in situ . 

[0032] Examples of suitable polyhydroxyl compounds 
are adipic acid/butanediol, adipic acid/monoethylene 
glycol (MEG) and adipic acid/hexanediol polyesters, 
polycaprolactones, ethylene oxide or propylene oxide 
polyethers, polyethers obtained by polymerization of tet- 
rahydrofuran containing hydroxyl groups, low molecular 
weight glycols such as, for example, dipropylene glycol, 
tripropylene glycol, tetrapropylene glycol and diethylene 
glycol, 1,3-, 1,4- and 2,3-butanediol, neopentyl glycol 
and the like. 

[0033] Examples of suitable diisocyanates are 4,4'- 
diphenylmethane diisocyanate (MDI), 2,4-toluylene 
diisocyanate (TDI), 1 ,5-naphthalene diisocyanate 
(NDI), xylene hydrogenate diisocyanate (HXDI), xylene 
diisocyanate (XDI) and the like. 
[0034] The catalyst can readily be chosen by a person 
skilled in the art, depending on the mixture of prepoly- 
mers used and on the desired rate of polymerization. 
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Typical examples of suitable catalysts are Dadco 33LV 
from the company Air Product and LV 33. Typical exam- 
ples of adjuvants are zeolites. 

[0035] Examples of suitable chain extenders are 
monoethylene glycol, 1 ,4-butanediol, bismetahydrox- 
yethoxybenzene and aromatic polyamines such as, for 
example, 4,4'-diaminobiphenyl, 2,3-, 3,4-, 2,4- and 2,6- 
diaminotoluene or mixtures thereof, 2,3-dimethyM ,4- 
diaminonaphthalene, S.S'.S.S'-tetraethyl^.^-diamin- 
odiphenyl ether and the like. 

[0036] Inside the pipe, the differences between the 
various layers, which are preferably compact, can vary 
widely depending on the result which it is intended to 
achieve, such as, for example, abrasion strength, resist- 
ance to acids, resistance to bases, resistance to sol- 
vents, reduction of the coefficient of roughness, and the 
like. 

[0037] The said further layers will preferably also con- 
sist of identical or different polymer materials, optionally 
comprising other materials such as, for example, stabi- 
lizers, organic or inorganic fillers, antifoaming agents, 
flame retardants and organic and inorganic pigments, in 
the form of powders, fibres, threads or fabrics. The use 
of pigments, in particular, is very useful in the case of a 
multilayer polymer pipe, since the method of the present 
invention is capable of producing coloured inner layers 
in different ways depending on their function, which 
makes it possible to evaluate which layer is most worn 
or damaged over time. 

[0038] Even more preferably, the said further inner lay- 
ers will consist of polymer materials having good mutual 
chemical affinity and thus perfect adhesion both to the 
first permeation layer and to each other, and also having 
coefficients of elasticity which are sufficiently homoge- 
neous to ensure that all of the layers form a monolithic 
structure which enhances the mechanical strength of 
the concrete pipe, thus lined, with respect to loads. 
[0039] The said further layers can also consist of poly- 
urethanes identical to or different from those of the first 
layer, or other polymer materials such as epoxy, bisphe- 
nolic or isophthalic resins, which may or may not be 
filled with organic and inorganic fillers. 
[0040] The composite product, comprising a pipe, in 
which at least one layer is made of a polyurethane, 
formed inside a concrete pipe by the method of the 
present invention has the following advantages: 

- reduction of the coefficient of roughness, which 
goes from that of a concrete pipe to that of a pipe of 
PVC; 

- resistance of the pipe to chemical attack by high 
concentrations of acids and/or bases within the 
effluent; 

excellent leakproofing both from the inside out- 
wards and from the outside inwards. This is a fun- 
damental characteristic for protecting the 
environment and is not one featured by pipes made 
of concrete alone which, given the intrinsic porosity 


of the material, allowed absorption and in leak- 
proofing and watertightness tests; 
enhancement of mechanical properties. For exam- 
ple, an inner pipe according to the present inven- 
5 tion, consisting of three layers of polyurethane and 

having a total thickness of 6 mm, substantially 
increases both the resistance to cracking and the 
breaking strength of a pipe of reinforced concrete of 
circular cross-section (diameter 800 mm) with cup- 
w shaped ends, to standard prUNI E07.04.064.0 and 
belonging to resistance category II (deformation 
resistance to cracking 100 KN/m 2 and breaking 
deformation strength 140 KN/m 2 ), thus substan- 
tially improving the safety factors in the static calcu- 
15 lation. 

[0041 ] At the same time, compared with a pipe made 
from only polymer material, the composite product of 
the present invention has the advantage of reinforcing 

20 the inner polymer pipe with an outer layer of concrete. 
[0042] The composite products obtained by the 
method of the present invention are novel. Typical 
examples of composite products according to the 
present invention are those in which the degree of pen- 

25 etration of the layer of polyurethane into the pores and 
discontinuities of the concrete is at least 1 mm and the 
polyurethane pipe formed inside the concrete pipe is at 
least 1 mm in thickness. Preferably, the said depth of 
penetration is at least 2 mm and even more preferably at 

30 least 3 mm. 

[0043] Preferably, the density of the said inner pipe is 
at least 1.10 kg/dm 3 . Needless to say, a person skilled 
in the art will take into account the fact that the said den- 
sity can increase considerably when the said polymer 

35 material comprises organic and/or inorganic fillers. In 
these cases, the density of the layer can even be 3 
kg/dm 3 or more. 

[0044] Thus, it is a further object of the present inven- 
tion to provide a composite product comprising a con- 

40 crete outer pipe and an inner pipe made of polymer 
material, characterized in that the said inner pipe is 
formed of at least a first layer of polyurethane, the said 
first layer being in contact with the inner surface of the 
said concrete pipe, being at least 2 mm in thickness and 

45 permeating the pores and discontinuities of the said 
concrete to a depth of at least 1 mm. 
[0045] The said permeation, which is even visible to 
the naked eye when the pipe is sectioned, is preferably 
greater than 2 mm. Even more preferably, it is greater 

so than 2.5 - 3.0 mm. 

[0046] Characteristics and advantages of the inven- 
tion will now be illustrated with reference to an embodi- 
ment represented by way of non-limiting example in the 
attached figures. 

55 [0047] Fig. 1 shows a longitudinal section through a 
composite product according to the present invention. 
[0048] Fig. 2 shows a cross-section of the composite 
product on a plane ll-ll of Fig. 1. 
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[0049] As can be seen from Figs. 1 and 2, the inner 
surface of a wall 2 of a concrete pipe 1 is firmly secured 
to an inner pipe formed of three layers 3, 4 and 5. 
[0050] The layer 3 is the one which permeates the 
holes and pores in the concrete and is formed of a poly- s 
urethane. The layer 4 is an intermediate layer which 
adheres perfectly both to the layer 3 and to the layer 5 
and preferably has the purpose of solidly binding the 
said layers together when one of them does not adhere 
very well to another. As already mentioned, this layer io 
can also contain materials of high hardness and/or sta- 
bilizers, antifoaming agents, flame retardants. organic 
and inorganic fillers and organic and inorganic pigments 
in the form of powders, fibres, threads or fabrics. The 
layer 5 is a layer which, depending on the circum- 75 
stances, besides improving the mechanical properties 
of the entire pipe, can be preselected for specific appli- 
cations and can have a high degree of resistance to 
acids and/or bases and/or solvents. This layer can also 
serve to reduce the coefficient of roughness and/or to 20 
improve the abrasion resistance. 
[0051] The ends 6 and 7 of the concrete pipe can 
themselves be lined with layers 3, 4 and 5 (not shown in 
the figure) by using suitable containing devices. 
[0052] The following examples serve to illustrate the 25 
present invention without, however, limiting it in any way. 

EXAMPLE 1 

[0053] A pipe of non -reinforced concrete of circular 30 
cross-section (diameter 500 mm) with cup-shaped 
ends, to standard UNI 9534 and belonging to resistance 
category I! (breaking deformation strength 100 KN/m 2 ), 
was inserted into a metal form having a centring and 
guidance system for fixing to a centrifuge such as, for 35 
example, a large-capacity lathe with bearing rollers. 
[0054] The form containing the concrete pipe was 
fixed onto the lathe and the concrete pipe was rotated 
about its longitudinal axis at a peripheral speed of 2.5 
m/sec. Once a peripheral speed of 6 m/sec was 40 
reached, an equal amount by weight of a composition 
A1 [consisting of 81 .27% by weight of a polyether with a 
hydroxyl number equal to 55-57, 14.63% by weight of 
1,4-butanediol, 4.07% of zeolite and 0.041% by weight 
of catalyst LV 33] and a composition B 1 [consisting of 45 
55% of 4, 4'-diphenyl methane diisocyanate and a polyol 
with a hydroxyl number equal to 36-37] were poured into 
the pipe, using equipment consisting of pumps and 
pipes. The pipe was kept in rotation at a peripheral 
speed of 6 m/sec until the mixture had solidified. The so 
inner pipe thus obtained was about 6 mm in thickness. 
[0055] Other mixtures of precursors of polymer mate- 
rial which can be used to carry out the process 
described above are: 

55 

a) a mixture consisting of one part by weight of 
composition A 2 consisting of 57.9% by weight of a 
polyol with a hydroxyl number equal to 55-57, 


38.6% by weight of a polyol with a hydroxyl number 
equal to 400-405, 1.15% by weight of catalyst LV 
33, 0.29% by weight of antifoaming agent 066 from 
the company Huls e Capelli (Milan) and 2.05% by 
weight of a dye pigment such as Noreco (Rozzano, 
Milan) and Repi (Gorla Maggiore, Varese) and one 
part by weight of composition B 2 consisting of 
100% by weight of 4,4 -diphenylmethane diisocy- 
anate; 

b) a mixture consisting of one part by weight of 
composition A 3 consisting of 29.37% by weight of a 
polyol with a hydroxyl number equal to 55-57, 
19.53% by weight of a polyol with a hydroxyl 
number equal to 400-405, 0.21 7% by weight of cat- 
alyst LV 33, 1.67% of a dye pigment such as 
Noreco (Rozzano, Milan) and Repi (Gorla Mag- 
giore, Varese), 0.15% by weight of the antifoaming 
agent 066 such as Zeolite from the company Bayer 
(Milan), 49.06% of quartz filler and 0.33 part by 
weight of a composition B 3 consisting of 100% by 
weight of 4,4'-diphenylmethane diisocyanate. 

EXAMPLE 2 

[0056] Working in a similar manner, with suitable 
mechanical means, pipes of reinforced concrete of cir- 
cular cross-section (diameter 800 mm) with cup-shaped 
ends, to standard prUNI E07.04.064.0 and belonging to 
resistance category II (deformation resistance to crack- 
ing 100 KN/m 2 and breaking deformation strength 140 
KN/m 2 ), and pipes of reinforced concrete of circular 
cross-section (diameter 1200 mm) with cup-shaped 
ends, to standard DIN 4035 and belonging to resistance 
category II (breaking deformation resistance 181 
KN/m 2 ) were used. 

Claims 

1. Method for producing a polyurethane pipe which is 
firmly secured inside a concrete pipe, by applying, 
to the inner surface of the said concrete pipe, at 
least a first layer of leakproofing polyurethane 
which is capable of permeating the pores of the 
concrete, this process comprising the phases of 

a) rotating the said concrete pipe about its lon- 
gitudinal axis at ambient temperature; 

b) introducing, into the said rotating pipe, a mix- 
ture of precursors of a polyurethane, in an 
amount which is sufficient to form a solid layer 
of polyurethane at least 2 mm in thickness, the 
said mixture having a temperature of less than 
65°C; 

c) continuing the said rotation, at ambient tem- 
perature, at a speed and for a time which are 
sufficient to solidify the said mixture. 

2. Method according to Claim 1 , characterized in that 
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the said pipe is rotated at a peripheral speed of 
between 1 and 20 rn/sec. 

3. Method according to Claim 1 or 2, characterized in 
that the mixture of precursors of the said poly- s 
urethane is applied at ambient temperature. 

4. Method according to any one of the preceding 
Claims 1 to 3, characterized in that the amount of 

the said precursor mixture is sufficient to form a 10 
solid polyurethane layer at least 3 mm in thickness. 

5. Method according to any one of Claims 1 to 4, char- 
acterized in that the said first polymer layer of poly- 
urethane is formed from a mixture comprising at is 
least one poly hydroxy I compound, a diisocyanate 
and a suitable catalyst, optionally in the presence of 

an adjuvant and a chain-extension compound, 
which forms a polyurethane in situ. 

20 

6. Composite product comprising a concrete outer 
pipe and an inner pipe made of polymer material, 
characterized in that the said inner pipe is formed 
from at least a first layer of polyurethane, the said 
first layer being in contact with the inner surface of 25 
the said concrete pipe, being at least 2 mm in thick- 
ness and permeating the pores and discontinuities 

of the said concrete to a depth of at least 1 mm. 

7. Composite product according to Claim 6, character- 30 
ized in that the said first layer of polyurethane is at 
least 3 mm in thickness. 

8. Composite product according to Claim 6, character- 
ized in that the density of the said inner pipe is at 35 
least 1.10 kg/dm 3 . 
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